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(54) ACCELERATION SENSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To construct a small-sized and low- 
priced acceleration sensor capable of detecting low-frequency 
acceleration or gravitational acceleration. 

SOLUTION: A bridge circuit comprises two piezoelectric vibrators 
si and s2, on which acceleration exerts stresses in directions 
opposite to each other, and capacitors d and c2. A voltage-dividing 
impedance circuit is provided between nodes p2 and p3 of the 
bridge circuit. A signal at a voltage-dividing point p5 of the 
impedance circuit is fed back to a node p1 of the bridge circuit by a 
feedback signal processing circuit, thereby forming an oscillation 
circuit. The difference between the nodes p2 and p3 in the phases 
of oscillation outputs is detected by a phase-difference signal 
processing circuit and outputted as an acceleration detection signal. 
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1 

\z&X*hZ> 2 ocDEESSIfc^ (si, s 2) &mz.tz1)\\ 

1) , mzEEmmm* (s2) >^-y>^ 

(Z2) % =i>-x>i^ (CD Sr^trAffiK^t:-*' 
^^[hISS (Z3) , &&Tf=*>7*>'V- (C2) £^fr:ft 

ffir^^tr-^^^lHiK (Z4) (zi) • (z 

2) frtftMLfi (pi) (Zl) • (Z3) 
( P 2)tC, (Z2) • (2 4) *JMMfc (p 3) |C, 

(Z3) • (Z4) «t«mkja ( P 4) ic, 

U ttJ&£ (p4) «r*!p«tti: Ufc^y y^EKi:, 
»RjK (p2) fc ( P 3) fcOWfcRttfc^fiE^Vlf-- 

K»£E>r ^if— ^v^HK^^EE^ ( P 5) (om^zm 

m& (pi) tw»5Si-5#5afS*«LSlElKi:(c:<|;oT* 
Klftjfi (p2) fc ( P 3) 4:fc*«BUAffi*i*«:tftau 

(ca?T?*6 2o(7>JEfl:S» J ?- (si, s 2) ^{l^LfcAP 

flftE/E^SIb^ (s D **tf-Y >t p — ^>;*|eI(8 (Z 

1) . HfllEiiS^®!)^- (s 2) >fc°-^v^[pl 
(Z2) , az^v* (CD Sr^tHI^ Vfc°— ^ 

(Z3) , teX.TI^l/'rls*)- (C2) £r$tfA 
ffi-fvf-^v^lElK (Z4) (Zl) • (Z 

2) Srttffcft (p4) (ZD • (Z3) £t&KjK 
(p2) (Z2) • (Z4) trWKA ( P 3) IC, 
<Z3) • (Z4) «rttR£ (pi) 

U (p4)"«r«Jp*ffii:Lfc^yy5?ia*i:, 
fftt£ ( P 2) 4 (p 3) b<Dm\z.WLrttzftJ£s( 

$e#EE-r >v-y>'xm&v>ftK.j& ( P s) com-^zm 

(pi) {^jBi-SWSSW^SlHlKit^^o-clg 
(p2) i ( P 3) fc03S«ttJ*ffiffi3gS:8taL 

zm^>7 biBH&kfrtbffii&Lttm&mi $tf4 2i:E 

( P 5) *>«*«r»Mt#i: U tt£Vfi4§-J:fifrE«ift 
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,6 ( P 2) <©fS#t^ffiSS64:ttHi-t-*«10ffi*i*« 

miHiss^, mexqsfflr^-^mtBftjR^ ( P 3) 

eoffiftS*ttffli-S»2<Offiffi||«|fflleIS«i:, IB 1 
2<Z>ffiffiSg1£a[el»om*&^ 

t frhmat Ltcmxm 1-403 *>^-f ti^zm^m 

( P D <^f^££2£{f^U K£ipffi#£ttEtttt 
jft (p2) <Z>«»4:<OffifBi6«r»ai-5*l«>fl[*BS6tt 
10 ttJ|p|tet, SfrEStpfS-i-tBftESgjBt^ (p3) (OfS#t 
0ffiffi^^^Wi-5^2(Df4fg||^aiHlSS<i:, mi •* 

[IS** 7] B9EffiffiHff^SlHlSS«, #JEfflHf 

( P 6) ^if^swf^ti, tt£«ffi*£mianR 
(p2) ©fs*fc^{kteSi**mi-**io«artaj6* 
wihiss^, ffimmmm^-tmmmm^ (p3> 

20 ^ttfi«E*«a^*IB2(Dffiffi«»UlIiIKt, *i •* 
2 0fBr««ttUllBlKOUA«rttlbi|«i-«ttlti|«l§IK 

[If** 8 ] fflE£ l • » 2 ottfittttUBKlc A* 
[0 0 0 1] 

[0002] 

t It, 

®^S2 7 8 0 5 9 4^- («»^a«nii«««-) 

<2>*$M 2000-266776 (JE«5^Pj£ft-fc >-1?-/f! 
HWEIK) 

©4#PJ 2000-206139 (EE«aMqifc«-fc V*«r 

40 €)#fFm 3072354^- (Slb^SAlXfttl-) 
®»M¥8 - 1 0 5 9 1 2 (ADjiffi-fe^U-) 
@M?8- 2 9 7 1 3 8 (JEm*PiiSi?>1^) 

[0003] EE.wm\**m^tz.i)mm j z>'*)- 
[0004] ®(o««i^aAPiaffin-tt, /has-e*a5H* 

^TffiftAPjSS'fe^^i: LTHffl{fc$*Lt*5 9, HDDffl 
50 «*-feV-J- % 3:Tx< yl /fflApigffi-fe>^^*iJfflS*xT^ 



3 

[0 0 0 5] 

©dBf]^ * tiX l > 3 ir >-iHc* Uffl "Ct 5i£«{K»PjSStt 
UlHlK-CfcS^, ilffitt^«tt«*tt*ft;*^r 
#JiT?*>6fc«>, I CteLSK, jK=i^ hik-fZk^o 

tsor, firt Anitff liDfiiSift a -? # ft v > t ^ 5 ^: 

[0 0 0 6] «K»©tt. ffi«»*«:*iJJfl-fri\ JDiiSfc 

[0007] t^x\ &fflmumm j $>m*}i)m&(o&m 
^mt-r^tzbb^, mmmz£<>xmt>zj&jj(Diffa 

titps^ dftwatoEEmssb^-fc©^®^ 

[ooo8] • fttfrtm&<D4 ^\z°—?>*tj£mMm 
*<D4>\?—y>x<n&&m^tLx\,^ztz& s &mm 

^fbbft^j*^) ^fiufju -f^e-y ft 
[ooo9] -fi««^Sri««i-s*S:-e*)5^, ISm 

H z -ftMH z Oii5ilStmEE^jE«HciiiH-r £ Kite, 

WftftiaiK *k =i^h^jgtfo 

EK<oiCftasH«<bftS 0 
[0 0 10] •»MHz~»+MHz<^i«JB&«JE&it 

Tttft^ft^o rco/ctf\ EfttSiiF-S:— frKLT (^e 
i8S*««Lft<TI*ft<bft^o 

ftw^-m, wtt^aE-csftv^ 

[0011] • 0K£ffi<o*££ftl*, £«o?5*i. B 
#£>I?lcft5„ 

[0 0 12] •^iia«#*iAM^Wjffi?Ki:fto"CttJ/; 
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[0013] rco^p^os^it, ±.m<om* (Dmm&m 

-eftflfift*oiSffi-fe>^S:«*-t-5 r. t 

[0014] 

2^>(D&mmm^- (si, S 2) sr^a. comm^ 

ft^f (si) *<£t£<0\*-?yx&Vk (Zl) , /El: 
(s2) Sr^tff >tT-^^^lH]B"(Z 2) s =3 
10 (c 1) i^frAlSK i"t°-y>'*\a\& (z 

3) . ^5J:t/n>^>^ (C2) «r^irftW-f >fcS- 

(Z4) SMiBx., (Zl) • (Z2) SrBMStjS 
(p 1) (Z 1) • (Z 3) fr&K£ (p 2) tc, 

(Z2) • (Z4) &&&& ( P 3) fc, (Z3) ■ 
(Z4) frftffijft ( P 4) **t«i4M*U ttttXS 
(p4) SrS2|i«ffii: Lfe^y 5^^lsIKS:«fi!cL, g£M 
j£ ( P 2) <!r (p3) i:coP^lc5>JE^ vt°-^^^(HlgS 

*trh\ mft&*i/t o -y>xm%t<D&&& ( P 5) o 
«#*»ia«#tesifiis»^«tor«iiKj<s (pi) «w»is 

20 S*T*tglH]tt«r«j«i-S 0 ^U, KflbS (p2) t 

(p3) ^^«sa*ffiffl36*ffiffiSfS"g-«iaiHi?s-c* 

[0015] JilBaSfilUKtt, EE«fi»^*S«J6* 
K<fc5LC#fi»%«lH]»£fta 0 -OSSfilEl&liSMI 

[0 0 16] ±IB©«««cJ:*ttf, QIC Jfc 

«LT«45(Or\ *JB*^J:5«flCiftT3a<ftW\ -t 

#bix. ^fric/jNfflfb-eis. 

[0 0 17] *fc, _hEffittSI«#-&ffilHl»tt % fiffifg 

fkSrttafs^-e, 2«»aaiHi»'e«*-e#, 
a<hft^> 0 

40 [0018] ^/t, *piS«*tta-rsis«iHiB^yy y 
60 ( 1 cfb-rs 1 1 cft&(o&m*Vf&<Dfttt'<y y 
m±yy-\±. ±.m<Dffif£tz&^x % izmMm+z^ttj 

50 [0 0 19] SfrlSWJSfS^-toJSlpJKli, SrlBB^JE^^m 
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[0020] £fc, Sfrte^BE-r >e-^v^[Hi^(^ m 

[0021] mm&ftmn-^&mm&te, fttjf2#jE,& 
(p 5) (om^mmm^k u mmmm^k^mm^ 

& ( P 2) <Dm^k<n&m^&fetti^zmi<n<iLte&Wi 

misi&k, ^mmmm^kmmm^ ( P 3> <om^k 
(D&mmz&mi- zm2<Dmm&m®&k. mi -m 

[0022] *tz. mm&mmt^&m\B\m*, mmm 
ma (pD <om ^k u ^^pft^itfriE 

»«A (p2) Off^-^cOfitSH^^ttl-f^^l^mi 
^tUHJ^, ^IfEg^m-^^BflfBS^ (p3) Off 
^^Ofi^^^^W'r^^2 0f5:te^tHlp]^ < >r. Jgi 

• m2ofeffi^m[Gi^oaj^^Mffi)ii^^iiibii*i 

[0 0 2 3] HtrfE^^f^SlHl^^, tfrfE'Jf 

iift^siHi^^coffite^^ him&kmm\B\&k(Dmifft 20 

^ (p6) Off^^g^ff^-i: u ^2pm^<b«rl5S 

MA ( P 2) oft^t^ffiffiM^mi-s^ioiitBil 
ffrexqfiift^^ffiesKjft ( P 3> oft# 

i:^ffi«i6*r*a"r5*2^ffi*H«*aiiI»i:, mi • 

s 2 offiftsi»aigK(om^^»JiBr sss»*b«ihi 

[0 0 2 4] rO«W60*PiSa-fe>-^tt % HtJiS^ 

1 • m2(D&^m\kthmm\cAt}^^mmiiz&mmmm 

[0 0 2 5] 30 

if&m<om»<omm mi(ommmm^m^immm±> 

(4, sy^mBi 1 0, ^EE-f^f— y>x\Bl&i 2 
0, »««#*a.J!|p|» l 3 0*5«tt/ffitBSSft**QfSlE]K 
1 4 0t«LTl^ o 

[0 0 2 6] :/ y y v?IhIK 11011 £E«t8»^ s 1 £ 
^tMVfc 0 -y>*(El&z 1 , ffi««»-=P s 2 4r#tP>f 

t tt -^VX[Hlg§Z 3, ^o^^^r^^Vf-C 2^^tf*^ 40 
-f Vfc-^^iel&Z 4«rff;L, Z l • z 2 «r»«* p 
1 fc, Z 1 - Z 3 SrSgjKA p 2 IC, Z 2 • Z 4 SrftlRA 
P3IC, Z 3 • Z4^gg^p 4tC, ^n-P*L»jRL, 

[0027] #jE>r >t^^v*[Hift i 2 ofi, ^fye 

z 5 £ z 6<^B:^llH|»-e«fiRLTV^o Z<D& 
JE^>-fc 0 -^*|p|&l 2 0©W«Btt % ji^p 2<b p 
3fc«KLTV*3 0 

[0 0 2 8] »31ft -S§-#L5l{pJg§ 130 tembE\B\3&k&m 

>y mhk«hi*.t^5 0 -^'JflHiff -^Jitaisg 1 3 0 50 
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.£p i^4R9i-£. 

[0 0 2 9] ±is:/y y v^lallS 1 1 0, #je-t 

>*In]&12 0, *5<tt/»ja«**Q.SlHlKl 3 O^cto 

■C3BSIsIKSr**Lrv^ D yyy^Bi 
1 0^3SfilHlBco*ig[H]B»S:fiRL. »iSfi#*Q ! 3lH]& 
1 3 0 36«*««***lBlHlB*^jE»iSL'C58tBtt*S: 

jtfH-So «HS{f ^sihijs 1 3 0 (omm 

[0 0 3 0] JBES^WjT-s 1 ts2tt, *Diifinc«fco 
»*«-«4. s 1 k s 2<o*Jg«ptt3ftWstflRli:i:ftSJ:5 

[0031] ittffli6«-g-«isiHiK 1 4 0 tt, {itaPM® 
K, mi • »2(DffitBS6SltB[HlB. *3«tt/a»if«lHlS» 

*[s]& 1 2 0 <0»JEEA^«^SrffiffijH«E^5. m 1 
tt£t*£HlE]Bf4* tttawaE[H]ISota*«*«r*«Pfflr^i: 
LT, w^SJPfS-^^^y yi^EIKl 1 0tf>gSBk£p 2 

ffiffi{KttuigiKr4. Jimmmm^k^ v y^rnm 1 0 
^»^p 3 com^ k <nmsm&nHim-%-\z.&&-tz 0 
mmmmm»n. mi • m2<DGLnmkmm?&<Dmtim 

[0032] mc. mmiznmm*<nffi!&$:m2~~m4 

$mm, H3I4*<z>#«**«bu m4tem3\c&nzm 

12s 1, s 2^-MUct)OTJb5 0 -OJEEmSt*^ 
sf4, 2fl<30*DiSS«ai* J ?-2 f 3*»»ttt7^^ 

J*LT^5. r.co0»JT*f4, *P}gS^ttl^T-2, 3(4^-^ 

^SSPf^ffit^n-etL®® 2 1 , 2 2*5 e fctf3l l 3 
2lrMl^Sf 2 0, 3 0$:, tt%^fi2 
3, 3 3(D- ffi«cS5#^H^f+»jcJ: k 
{C£V-mklsX\,^ 0 rco^SiT-2 0, 3 0(4, ^(C 

fc^, 20, 3 0(Oft$*rfilJC»ffiLTl^5o * 

8ffiOtS2 1, 2 2*5^3 1, 3 2t4, — ^gfJ^r^ 

30 <otp*upr-*f rfii Zit. flbttffifr#«-7* 2 

0, 3 0<oS*S«Sffl^5l#fflLTV^-5. 
[0 0 3 3] ^«2 3, 3 3(4*^2 0, 3 0<t 

7ffl*Da««im*^2 f 3^*Difi«<7>ffffl|Z«£9ftW rc P 
ttffi^, &M^F- 2 0 , 3 0 ^-^S2 3, 3 3 k<Dm 

»9-<-^«2 3, 3 3W:45i5i:RtLt^ 
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So ^S2 3, 3 3 12, #Jg^2 0, 3 0J:«?ftff 
W4(Oi|l^^MLT^So Sfc, r<D-<— *«2 

3, 3 3f2, (mv) tLxmm^^^tz^wm 

, *45'<<*#4tWi:L"C^-5o ^-^«2 3, 3 3 
0*^2 0, 3 0 ^CO^f^EI-li, *S^2 0, 3 0 
toffl C&hbMWxoffim J: t) JE < a>oAoi&*K: £ o TflStf 
ttH±0/hSttfflHt*»rti-5fc»ODfl»2 3 a, 3 3 

ciA^Hft^^^^nT, s.o»u£Ki;ij:ot#«?-2 

0, 30i:^i2 3, 3 3 £tf*-H*K«trcfc 5 K L 
T^So 

[0034] ±fc2m<D^~*;i'7mi)m&&imm :: F 

2, 3(4, ^f-2 0, 3 0 35SSVMCttS*|SlS:|fil#. 
iLoioiSSGcoBiAD^iRi^^ix-eixafi: Lt«*»5 <fc 

^Lt^S^Ltl/^o ^PiSS^tU^T-2, 3<DjPig 
CMU^^ -twWAB55mffl5 aSr*pa«tttH*dP 

2, 3 <K>H*ff^MMs m&*2o, 3o<Dmmm) ic 

m^^-2, 3^coPp^^^ % *«$*t 5 counts 
or, Mm&G\zm^mm&m&m*2 t ztm^nz 

[0035] tt, mmmmmm z f'2, 3 1 

6, eicio-ciotv^o */<-atf6wftI{:tt, 
*Q»SttfcH*HF-2, 3 ^(75»tt*|»jh-rs^J?)OIM]«fP4r 

[0 0 3 6] AfrWftiDaS-fe^^coilIBi:, 

WriiU «hs«**bsie]& i 3 o*4, >r i c 

1, fifitR3, R4, fc^t/nvfytCST'MLT 
^5. w^-e, SfciR4f4-f >s<— 9<omVE&&&:#>Z> 

So ^^x^^C 3 tStftR 3Jiffiffi->7 hlH]KS:«^ 

[0 0 3 7 ] c<owr-tt. (Sc*a^7 hia»S:>r ^ 
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[0 0 3 8] ±E»ia«#«kSleIK-ec0ffl[ffl^7 h3ii4 
-2 0 0 [deg] , «J8ft&%tt8 [MHz] 
LtV>S fl 

[0 0 3 9] BEm^ffilT- si, s 2 JC*05Sa^Sl»P*ix 
St, Etilf s 1 <b s 2^<0^«S^(-jJ?tBtcAD 

10 cio»«jS©tEE(i) ir, EESiUffiH^s 2 inyfy 

[oo4o]ie(i) tmm(3) t<o$Ltem&Mtes m 

ft;b*>, «ffi(D £«EE(3) offi*Biltt*iia«o*:#S 

[0 0 4 1] »10>ffiftS8fctHlHl&l 4 1(4, 
/U-^ORy-h I C 5 , -f ^ I C 4 , ffitniR 

6, fcit>^yf>f C5^^MLT^6o mahhs 

20 * I C 4 ^CioT, AAfB#^te*SSgfaSCT^~ — 

T^^^r u R6, C5«©«tft 

[0 0 4 2] «2^ffitB*SIUi|HlBl 4 2ldO^Tt>, 

*o«*tt»i<z>ffi«*»Uiiai»i 4 i fcn*-c*>o, 

zsl$ ^ $ jV — ->yOR^ — h I C 7 , ^fW<-^IC 
6, Jg$tR7, &&Tf=*>"rl>"V-C 6t^£>$I/$UT^ 

So 

30 [0 0 4 3] ffifBM&ElElte 1 4 3 {4, <f I C 

2, IC3, ®fitR5, *5j:T>*^>'7 f ^i^C4^^ib«^ 

Lr^So roR5, c 4co^^^{cj:or{it9>'^ h 

ffiSSMUEIK l 4 l , l 4 2 a*S?eici!pfls-f- 5451c, 

AIT-J4, «ffi(4) i:iE(5) tfMiti^, fcit;, 
(6) t«EE(5) ^&fflHl4^L< 9 0 [deg] 

[0 0 4 4] H®jti*g[ElS^ 1 4 4 (4, tf Hleltt I C 8 , 
40 IC9, I C10, I C 1 1^4t>*tH^^ite^4 

^®Jtt*IlH]S& 1 4 4 (4, ^1 Oteta^l&fctilHJK 1 4 1 (7) 

Hi ^ SEE (9) <h^2cofitBM^ai[HlS&l 4 2C0tfci^mEE 

(10)^r^®iigf|«IL-Cffl^miE(ll)^ttl^-rSo 

I C 1 1 14, -t<&fflrt*JE#*ftf\ *8«IhIK I C 1 0(D 

mmmEE&*7-t y h-rso (st(iRi6^ 

«L< <bf>tbS«t dtc^, rix(cJ:<9, ^niSStwit 
50 [0 0 4 5] 06(4, a/£if#(l) -(3) <D$mmx'$> 



(6) 
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6o (A) li*P5afi*sffiiD*tL-ct^*v^fi8t?*>*. w 

<Dt%, EEm.mm^s i, s 2t>mc$f&x&>z<Dx s 

(b) tetomm&mn£tix\,^Z)m&<Dmx*$>2>o m& 
m&muztizk. s2p-e*>s«£Efs-s-(2) tcat-rsw 

BE«^(l) cOffitB^ii^, «J£«-Sj-(2) K*H" 

Y a ( t ) =AX cos (w t + 0 

Y b ( t ) =AX cos ( co t - 0 
R (t) = (Ya (t) +Yb (t) 



[0 0 4 6] «EE«*(1) WYa (t) , «BE«* 
(2) SrHBIfcR (t) , «ffiflH§-(3)S:H*Yb ( t ) t 

-rzt. 9 so. 

10 0 4 7] 

(t) ) ••• [SCI] 

( t) ) -» R2] 
} /2 



= AXcoscutXcos 0 
[0 0 4 8] [«1] , [5fc2] 7^>«b. «JE«#(1) > 

(3) te, ADi£S«-J:t)ffite^$ttSr bfrftfrZ> 0 * 

[0 0 4 9] H7«C*5V^T, (A) tt*DaflE^Blftl**b 

tv>4i^»S\ (b) \zi)mm&mnztix\<^z>m&iz 
«t5«ffi«»(D £g! i ^ffiti^ajniK i 4 i ©wa 

«EE«#(6) «tWE«-!§-(3) Sr»2<Z)ffl:*iSltttU|5Ig&l 
4 2W»W<-^ I C 6XfcB&Ml,tih<DX&> 
Zo «£E«*(5) Wt«flE«#(2) *ffi«M*Lfctt»-C 

[0 0 5 0] ->/ORy- h^rfUfflL^i 

tBJfciRlEjS&JS, Jt»tt^ffitB*^«>9 OtffeLtjo 

AP*nrv^35ci^ffioffiffi36dS9 0St45«t5l^ HI 30 
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(54) ACCELERATION SENSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To construct a small-sized and low-priced 
acceleration sensor capable of detecting low-frequency acceleration or 
gravitational acceleration. 

SOLUTION: A bridge circuit comprises two piezoelectric vibrators s1 and s2, on 
which acceleration exerts stresses in directions opposite to each other, and 
capacitors c1 and c2. A voltage-dividing impedance circuit is provided between 
nodes p2 and p3 of the bridge circuit. A signal at a voltage-dividing point p5 of 
the impedance circuit is fed back to a node p1 of the bridge circuit by a feedback 
signal processing circuit, thereby forming an oscillation circuit. The difference 
between the nodes p2 and p3 in the phases of oscillation outputs is detected by 
a phase-difference signal processing circuit and outputted as an acceleration 



detection signal. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the acceleration sensor which the direction of the stress added with 
acceleration equipped with two reverse piezoelectric transducers (s1, s2) of each 
other. The impedance circuit (Z1) containing said piezoelectric transducer (si), 
the impedance circuit containing said piezoelectric transducer (s2) (Z2), It has a 
load-impedance circuit (Z3) containing a capacitor (CI), and a load-impedance 
circuit (Z4) containing a capacitor (C2). - (Z1) (Z3) for - (Z2) at a node (p1) (Z1) 
At a node (p2) The bridge circuit which connected - (Z4) at the node (p3), 
connected - (Z3) (Z4) at the node (p4), respectively, and made the node (p4) the 
reference potential, (Z2) A node (p2) and the partial pressure impedance circuit 
prepared between (p3), The acceleration sensor which prepares the phase 
contrast digital disposal circuit which constitutes an oscillator circuit, detects a 
node (p2) and the oscillation output phase contrast of (p3), and outputs an 
acceleration detecting signal by the return signal processing circuit which returns 
the signal of the partial pressure point (p5) of this partial pressure impedance 
circuit to a node (p1), and changes. 

[Claim 2] It is the acceleration sensor which the direction of the stress added with 
acceleration equipped with two reverse piezoelectric transducers (s1, s2) of each 
other. The impedance circuit (Z1) containing said piezoelectric transducer (si), 
the impedance circuit containing said piezoelectric transducer (s2) (Z2), It has a 
load-impedance circuit (Z3) containing acapacitor (CI), and a load-impedance 
circuit (Z4) containing a capacitor (C2). - (Z1) (Z3) for - (Z2) at a node (p4) (Z1) 
At a node (p2) The bridge circuit which connected - (Z4) at the node (p3), 
connected - (Z3) (Z4) at the node (p1), respectively, and made the node (p4) the 
reference potential, (Z2) A node (p2) and the partial pressure impedance circuit 
prepared between (p3), The acceleration sensor which prepares the phase 
contrast digital disposal circuit which constitutes an oscillator circuit, detects a 
node (p2) and the oscillation output phase contrast of (p3), and outputs an 



acceleration detecting signal by the return signal processing circuit which returns 
the signal of the partial pressure point (p5) of this partial pressure impedance 
circuit to a node (p1), and changes. 

[Claim 3] Said return signal processing circuit is the amplifier which amplifies the 
signal of said partial pressure point, and the acceleration sensor according to 
claim 1 or 2 constituted from a phase shift circuit to which the phase of a return 
signal is shifted. 

[Claim 4] Said partial pressure impedance circuit is an acceleration sensor 
according to claim 1 , 2, or 3 which is the resistance partial pressure circuit which 
carries out the series connection of two or more resistance, and changes. 
[Claim 5] The 1st phase contrast detector which said phase contrast digital 
disposal circuit makes a reference signal the signal of said partial pressure point 
(p5), and detects the phase contrast of this reference signal and the signal of 
said node (p2), It is an acceleration sensor given in either among claims 1-4 
constituted from the 2nd phase contrast detector which detects the phase 
contrast of said reference signal and signal of said node (p3), and a differential 
amplifying circuit which carries out the differential amplifier of the output of the 
1st and 2nd phase contrast detector. 

[Claim 6] The 1st phase contrast detector which said phase contrast digital 
disposal circuit makes the signal of said node (p1) a reference signal, and 
detects the phase contrast of this reference signal and the signal of said node 
(p2), It is an acceleration sensor given in either among claims 1-4 constituted 
from the 2nd phase contrast detector which detects the phase contrast of said 
reference signal and signal of said node (p3), and a differential amplifying circuit 
which carries out the differential amplifier of the output of the 1st and 2nd phase 
contrast detector. 

[Claim 7] The 1st phase contrast detector which said phase contrast digital 
disposal circuit makes a reference signal the signal of the node (p6) of the phase 
shift circuit in said return signal processing circuit, and an amplifying circuit, and 
detects the phase contrast of this reference signal and the signal of said node 



(p2), It is an acceleration sensor given in either among claims 1-4 constituted 
from the 2nd phase contrast detector which detects the phase contrast of said 
reference signal and signal of said node (p3), and a differential amplifying circuit 
which carries out the differential amplifier of the output of the 1st and 2nd phase 
contrast detector. 

[Claim 8] The acceleration sensor according to claim 5, 6, or 7 which prepared 
the phase adjustment circuit which is inputted into said 1st and 2nd phase 
contrast detector, and which adjusts the phase of said reference signal. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the acceleration sensor equipped 

with the piezoelectric transducer which stress joins with acceleration. 

[0002] 

[Description of the Prior Art] As a conventional acceleration sensor equipped with 
the piezoelectric transducer, it is the ** patent No. (vibrator mold accelerometer) 
2780594. 



** JP,2000-266776,A (amplifying circuit for piezo-electric type acceleration 
sensors) 

** JP,2000-206139,A (acceleration detection equipment equipped with the 

piezoelectric acceleration sensor) 

** Patent No. (vibrator mold accelerometer) 3072354 

** JP,8-105912,A (acceleration sensor) 

** JP.8-2971 38,A (piezo-electric acceleration sensor) 

It ******. Hereafter, the number of ** - ** shows these official report numbers. 

[0003] Generally, since the acceleration sensor equipped with the piezoelectric 

transducer can be constituted small, it is excellent in the applicability to various 

applications, and its utility value is high. 

[0004] ** a vibrator mold - the accelerometer is put in practical use as an 
acceleration sensor in which a surface mount is small and possible, and is used 
for the impact sensor for HDD, and the acceleration sensor for air bags. Thus, 
many acceleration sensors are used for electronic equipment, and the usefulness 
follows on being recognized and is going to be applied also to new applications, 
such as a seismometer, a dip sensor, and an acceleration sensor for rotation 
detection. In connection with this, a cheap acceleration sensor which can perform 
detection of the low frequency acceleration of several Hz or less or gravitational 
acceleration is desired. 
[0005] 

[Problem(s) to be Solved by the Invention] However, although ** and ** were the 
low frequency acceleration detectors which can be used for the sensor currently 
indicated by **, since the resistor and the special operational amplifier of high 
resistance were required, itwas [ IC-] hard toize and they had the problem of 
forming high cost. Moreover, since the piezo-electric effect detected the 
acceleration signal, gravitational acceleration had the fault of being theoretically 
undetectable. 

[0006] ** Since ** was what does not use the piezo-electric effect but detects 
resonance characteristic change of the piezoelectric transducer by acceleration, 



detection of gravitational acceleration was possible for it, but in order that ** 
might apply a quartz resonator, it was high cost, and since ** applied the bimorph 
form piezoelectric transducer, there was a problem that a configuration was large. 
[0007] Then, in order to enable detection of low frequency acceleration or 
gravitational acceleration, it is possible that the direction of the stress added with 
acceleration is equipped with two reverse piezoelectric transducers of each other, 
and constitutes the circuit of a resonance mold. Although it is making to equip the 
acceleration sensor of this invention with the piezoelectric transducer of such 
structure into requirements, if the circuit currently indicated by ** and ** is only 
applied to the piezoelectric transducer of such structure, the following problems 
will arise. 

[0008] - Since the ratio of the impedance of external resistance and the 
impedance of a piezoelectric transducer is made into the signal, when resonance 
frequency is high, the capacity (component which does not change with 
acceleration) which a piezoelectric transducer has acts, and an impedance 
becomes low. For this reason, the detection sensitivity of an impedance 
component which changes with acceleration falls. 

[0009] - Although it is the method which amplifies an amplitude signal, in order to 
amplify the high-frequency voltage of several MHz - dozens of MHz to accuracy, 
a special circuit (active element) is required and cost increases. Moreover, IC- 
ization of a circuit becomes difficult. 

[0010] - In order to amplify the high-frequency voltage of several MHz - dozens of 
MHz, the parasitic capacitance of the circuit board must be controlled. For this 
reason, a circuit and a component must be made into one and sensibility (module 
structure) must be adjusted. A property cannot be guaranteed only with a 
component simple substance. 

[0011] - The parasitic capacitance of the circuit board changes with deterioration 
of the dirt of a substrate, humidity, and a substrate. For this reason, in order to 
secure dependability, coating, a hermetic seal package, etc. are needed. 
[0012] - An acceleration signal serves as an AM wave and is outputted. High- 



degree-of-accuracy-izing is difficult for AM recovery by the RF, and it becomes 
complicated [ a circuit ]. 

[0013] The object of this invention is to offer the small and cheap acceleration 
sensor which solves above-mentioned various problems and can perform 
detection of low frequency acceleration or gravitational acceleration. 
[0014] 

[Means for Solving the Problem] The direction of stress where the acceleration 
sensor of this invention is added with acceleration uses two reverse piezoelectric 
transducers (s1 , s2) of each other. The impedance circuit (Z1) containing this 
piezoelectric transducer (si), the impedance circuit containing a piezoelectric 
transducer (s2) (Z2), It has a load-impedance circuit (Z3) containing a capacitor 
(CI), and a load-impedance circuit (Z4) containing a capacitor (C2). - (Z1) (Z3) for 
- (Z2) at a node (p1) (Z1) At a node (p2) - (Z3) (Z4) for - (Z4) at a node (p3) (Z2) 
At a node (p4) Connect, respectively and the bridge circuit which made the node 
(p4) the reference potential is constituted. A partial pressure impedance circuit is 
prepared between a node (p2) and (p3), the signal of the partial pressure point 
(p5) of this partial pressure impedance circuit is returned to a node (p1) by the 
return signal processing circuit, and an oscillator circuit is constituted. And a 
node (p2) and the oscillation output phase contrast of (p3) are detected by the 
phase contrast digital disposal circuit, and it constitutes so that this may be 
outputted as an acceleration detecting signal. 

[0015] The above-mentioned oscillator circuit turns into LC resonance system 
oscillator circuit by the inductance property and capacitor between the resonance 
frequency of a piezoelectric transducer, and antiresonant frequency. Since the 
comparatively big capacitor of electrostatic capacity serves as a load, as for this 
oscillator circuit, it cannot be easily influenced of the parasitic capacitance of the 
circuit board. Therefore, high dependability is securable even if it uses neither 
coating nor a hermetic seal package. Moreover, the property only in a component 
simple substance can also be guaranteed. 

[0016] According to the above-mentioned configuration, since sensibility 



becomes high in proportion to Q of resonance, there is no sensibility lowering by 
the RF. Therefore, even if it uses a small piezoelectric transducer, predetermined 
detection sensitivity is obtained, and it can miniaturize in the whole. 
[0017] Moreover, since the above-mentioned phase contrast digital disposal 
circuit detects a phase change, it can be constituted from a binary-logic circuit 
and it becomes easy to RF correspond it. Therefore, IC-ization of a circuit 
becomes easy by low cost. 

[0018] Moreover, since all of the bridge circuit and phase contrast digital disposal 
circuit of an oscillator circuit which detect acceleration become a differential mold, 
a part for an inphase noise component or circuit fluctuation is cancellable. (Since 
the relative variation of each component property inside IC is small when it IC- 
izes, bigger effectiveness is acquired.) It is circuitry which was dramatically 
suitable for IC-ization. The acceleration sensor of this invention should exchange 
the impedance circuit containing a piezoelectric transducer, and the impedance 
circuit containing a capacitor in the above-mentioned configuration again. Also in 
this case, the effectiveness mentioned above is acquired. 
[0019] Said return signal processing circuit consists of amplifier which amplifies 
the signal of said partial pressure point, and a phase shift circuit to which the 
phase of a return signal is shifted. 

[0020] Moreover, said partial pressure impedance circuit carries out the series 
connection of two or more resistance, and constitutes it. 
[0021] Said phase contrast digital disposal circuit makes a reference signal the 
signal of said partial pressure point (p5), and constitutes it from the 1st phase 
contrast detector which detects the phase contrast of this reference signal and 
the signal of said node (p2), the 2nd phase contrast detector which detects the 
phase contrast of said reference signal and signal of said node (p3), and a 
differential amplifying circuit which carries out the differential amplifier of the 
output of the 1 st and 2nd phase contrast detector. 

[0022] Moreover, said phase contrast digital disposal circuit makes the signal of 
said node (p1) a reference signal, and constitutes it from the 1st phase contrast 



detector which detects the phase contrast of this reference signal and the signal 
of said node (p2), the 2nd phase contrast detector which detects the phase 
contrast of said reference signal and signal of said node (p3), and a differential 
amplifying circuit which carries out the differential amplifier of the output of the 
1st and 2nd phase contrast detector. 

[0023] Moreover, the 1st phase contrast detector which said phase contrast 
digital disposal circuit makes a reference signal the signal of the node (p6) of the 
phase shift circuit in said return signal processing circuit, and an amplifying circuit, 
and detects the phase contrast of this reference signal and the signal of said 
node (p2), It constitutes from the 2nd phase contrast detector which detects the 
phase contrast of said reference signal and signal of said node (p3), and a 
differential amplifying circuit which carries out the differential amplifier of the 
output of the 1st and 2nd phase contrast detector 

[0024] Moreover, the acceleration sensor of this invention establishes a phase 
adjustment circuit in the part inputted into said 1st and 2nd phase contrast 
detector, and adjusts the phase of said reference signal. 
[0025] 

[Embodiment of the Invention] The configuration of the whole acceleration sensor 
concerning the 1st operation gestalt is explained with reference to drawing 1 . 
Drawing 1 is the block diagram of the whole acceleration sensor. This 
acceleration sensor consists of the bridge circuit 1 10, a partial pressure 
impedance circuit 120, a return signal processing circuit 130, and a phase 
contrast digital disposal circuit 140. 

[0026] A bridge circuit 1 10 is equipped with the impedance circuit Z1 containing a 
piezoelectric transducer si, the impedance circuit Z2 containing a piezoelectric 
transducer s2, the load-impedance circuit Z3 containing Capacitor CI, and the 
load-impedance circuit Z4 containing a capacitor C2. Z1 and Z2 - a node p1 - 
Z2 and Z4 are connected at a node p3, Z3 and Z4 are connected to a node p4 
for Z1 and Z3 at a node p2, respectively, and the node p4 is made into the 
reference potential. 



[0027] The partial pressure impedance circuit 120 consists of series circuits of 
impedances z5 and z6. The ends of this partial pressure impedance circuit 120 
are connected at nodes p2 and p3. 

[0028] The return signal processing circuit 130 is equipped with the amplifying 
circuit and the phase shift circuit. This return signal processing circuit 130 returns 
the signal of the partial pressure point p5 of a partial pressure impedance circuit 
to a node p1. 

[0029] The above-mentioned bridge circuit 110, the partial pressure impedance 
circuit 120, and the return signal processing circuit 130 constitute the oscillator 
circuit. That is, a bridge circuit 110 accomplishes the resonance circuit system of 
an oscillator circuit, the return signal processing circuit 130 carries out positive 
feedback of the resonance signal to a resonance circuit system, and an 
oscillation condition is maintained. A paraphrase determines that the 
amplification factor of the amplifying circuit of the return signal processing circuit 
130 and the amount of phase shifts of a phase shift circuit satisfy an oscillating 
condition. 

[0030] With acceleration, if compressive stress joins one of these, piezoelectric 
transducers si and s2 are constituted so that tensile stress may join another side. 
Moreover, when acceleration is not impressed, the property is arranged so that 
the resonance characteristic of si and s2 may become almost the same. About 
the structure of this piezoelectric transducer, it mentions later. 
[0031] The phase contrast digital disposal circuit 140 consists of a phase 
adjustment circuit, the 1st and the 2nd phase contrast detector, and a differential 
amplifying circuit. A phase adjustment circuit carries out phase adjustment of the 
signal of the partial pressure point of the partial pressure impedance circuit 120. 
The 1st phase contrast detector changes the phase contrast of this reference 
signal and the signal of the node p2 of a bridge circuit 110 into a voltage signal 
by making the output signal of a phase adjustment circuit into a reference signal. 
Moreover, the 2nd phase contrast detector changes the phase contrast of the 
above-mentioned reference signal and the signal of the node p3 of a bridge 



circuit 110 into a voltage signal. A differential amplifying circuit carries out the 
differential amplifier of the output voltage of the 1st and 2nd phase contrast 
detector. 

[0032] Next, the configuration of said piezoelectric transducer is explained with 
reference to drawing 2 - drawing 4 . Drawing 2 is the further decomposition 
perspective view of an important section [ in / the perspective view of said whole 
piezoelectric transducer, and drawing 3 , and / in drawing 4 / drawing 3 ]. [ the 
decomposition perspective view ] This piezoelectric transducer s unifies said s1 
and s2. This piezoelectric transducer s is carrying out receipt support of the two 
acceleration sensing elements 2 and 3 with doubly-supported beam structure into 
the insulating case 5 which consists of an insulating ceramic etc., and 6. In this 
example, the acceleration sensing elements 2 and 3 are uni-morph mold sensing 
elements. The resonators 20 and 30 which formed electrodes 21 and 22, and 31 
and 32 in the front **** principal plane of a rectangular piezo-electric ceramic 
plate, respectively are unified by joining to the whole surface of the base plates 
23 and 33 by adhesion, soldering, etc., respectively. Both these resonators 20 
and 30 are resonators of the energy ****** type thickness skid oscillation mode, 
and are polarized in the die-length direction of resonators 20 and 30. The 
electrodes 21 and 22 on the rear face of a table, and 31 and 32 make the end 
section counter in the center section of resonators 20 and 30, and they are 
pulling out the other end to the edge where resonators 20 and 30 differ. 
[0033] The base plates 23 and 33 are electric insulating plates formed in the 
same die length as resonators 20 and 30, and the same width of face, and they 
are set up so that the bending neutral side accompanying an operation of the 
acceleration of the uni-morph mold acceleration sensing elements 2 and 3 may 
be from the plane of composition of resonators 20 and 30 and the base plates 23 
and 33 on base plate 23 and 33 side. The base plates 23 and 33 consist of 
ingredients with flexural rigidity higher than resonators 20 and 30. Moreover, 
since these base plates 23 and 33 are operated as a mass object (weight), they 
make mass as big as possible. Resonators 20 and 30 shut up in an opposed 



face with the resonators 20 and 30 of the base plates 23 and 33, and the 
crevices 23a and 33a for forming an opening smaller than the range which bends 
with acceleration more widely than the range of an oscillation are formed in it. By 
this, resonators 20 and 30 shut up, and an oscillation is not restrained, and he is 
trying for resonators 20 and 30 and the base plates 23 and 33 to bend in one 
with acceleration. 

[0034] The two above-mentioned uni-morph mold acceleration sensing elements 
2 and 3 are carrying out confrontation junction of the longitudinal direction both 
ends through the glue line 4 which is a spacer layer so that resonators 20 and 30 
may bend the direction of repulsion independently in the impression direction of 
the sense and acceleration G mutually, respectively. The lateral surface of the 
impression direction of the acceleration G of the acceleration sensing elements 2 
and 3 is covered by the case members 5 and 5 of a left Uichi pair. The case 
member 5 is formed in a KO typeface cross-section configuration, and is carrying 
out adhesion immobilization of the ends lobe 5a on the ends outside side face 
(exposed surface of resonators 20 and 30) of the acceleration sensing elements 
2 and 3. Therefore, the space where the acceleration sensing elements 2 and 3 
may bend in connection with acceleration G by crevice 5b of the case member 5 
is formed in the question of the case member 5 and the acceleration sensing 
elements 2 and 3. 

[0035] Moreover, the open field of the upper and lower sides formed by the 
acceleration sensing elements 2 and 3 and the case member 5 is covered by the 
covering members 6 and 6 of a vertical couple. Forming the crevice for 
preventing contact to the acceleration sensing elements 2 and 3 in the inner 
surface of the covering member 6, adhesion immobilization of the periphery 
section is carried out in the open field. Therefore, the displacement part by the 
acceleration G of the acceleration sensing elements 2 and 3 is thoroughly sealed 
by the case member 5 and the covering member 6. 

[0036] Next, the actuation is explained to be the circuit of a concrete acceleration 
sensor with reference to drawing 5 - drawing 8 . Drawing 5 is the circuit diagram 



of an acceleration sensor. The partial pressure impedance circuit 120 is 
constituted from a series circuit of resistance R1 and R2, and the return signal 
processing circuit 130 constitutes it from this example by Inverter ICI, resistance 
R3 and R4, and the capacitor C3. Here, resistance R4 is feedback resistance 
which determines the operating point of an inverter. This inverter IC 1 and 
feedback resistance R4 constitute the amplifying circuit. A capacitor C3 and 
resistance R3 constitute the phase shift circuit. The phase of the return signal to 
the resonance circuit by the bridge circuit 1 10 is adjusted in this phase shift 
circuit. That is, the oscillation point is finely tuned with this amount of phase shifts. 
[0037] In this example, although the phase shift circuit was established in the 
output side of an inverter IC 1, you may prepare in that input side. Moreover, if 
the oscillation stabilized even if it did not tune a phase finely is maintainable, this 
phase shift circuit may be omitted. 

[0038] The amount of phase shifts in the above-mentioned return signal 
processing circuit has set -200 [deg] and an oscillation frequency as 8 [MHz]. 
[0039] If acceleration is impressed to piezoelectric transducers s1 and s2, since 
the stress to piezoelectric transducers si and s2 will join an opposite phase 
mutually, a vibrator property also changes to an opposite phase, respectively. 
Since capacitors CI and C2 are formed and constituted in the side which 
counters a piezoelectric transducer, if acceleration is impressed, balance will 
collapse, and a bridge circuit 1 10 is the electrical potential difference (1) of the 
node of a piezoelectric transducer si and a capacitor C1. Electrical potential 
difference of the node of a piezoelectric transducer s2 and a capacitor C2 (3) A 
difference arises. 

[0040] Electrical potential difference (1) Electrical potential difference (3) The 
phase relation difference confirms by experiment that it is proportional to 
acceleration mostly. Namely, electrical potential difference (1) Electrical potential 
difference (3) Phase contrast will express the magnitude of acceleration. 
[0041] The 1st phase contrast detector 141 consists of exclusive OR-gate ICS, 
an inverter IC 4, resistance R6, and a capacitor C5. The signal from which duty 



changes with exclusive OR-gate ICS and inverters IC 4 according to the phase 
contrast of an input signal is generated, and R6 and C5 carry out smoothness of 
the signal so that it may mention later. This outputs the voltage signal 
corresponding to the phase contrast of an input signal. 
[0042] Also about the 2nd phase contrast detector 142, the configuration is the 
same as that of the 1st phase contrast detector 141, it constitutes from exclusive 
OR-gate IC7, an inverter IC 6, resistance R7, and a capacitor C6, and the 
voltage signal corresponding to the phase contrast of an I/O signal is outputted. 
[0043] The phase adjustment circuit 143 consists of inverters IC2 and IC3, 
resistance R5, and a capacitor C4. The amount of phase shifts is defined with 
this time constant of R5 and C4. This amount of phase shifts shifts the phase of a 
reference signal so that the 1st and 2nd phase contrast detector 141 ,142 may 
operate to stability. In the condition that acceleration is not impressed, it is an 
electrical potential difference (4). Electrical potential difference (5) Phase contrast 
and electrical potential difference (6) Electrical potential difference (5) Phase 
contrast is set up so that it may be equally set to 90 [deg]. 
[0044] The differential amplifying circuit 144 consists of two or more resistance 
which defines amplifying circuits IC8, IC9, IC10, and IC11, those operating points, 
and gain. This differential amplifying circuit 144 is the output voltage (9) of the 1st 
phase contrast detector 141. The differential amplifier of the output voltage (10) 
of the 2nd phase contrast detector 142 is carried out, and output voltage (11) is 
outputted. IC1 1 offsets the reference voltage of an amplifying circuit IC 10 by the 
output voltage in that case. That is, the above-mentioned amount of offset is 
defined by adjustment of resistance R16, it determines that the right balance of a 
differential amplifying circuit is taken, and, thereby, the voltage signal 
proportional to acceleration is made to output. 

[0045] Drawing 6 is a voltage signal (1). - (3) It is a wave form chart. (A) is in the 
condition that acceleration is not impressed. Since piezoelectric transducers s1 
and s2 are the same properties at this time, it is a voltage signal (1). - (3) It 
becomes a same waveform (the same phase). (B) is an example in case 



acceleration is impressed. Voltage signal which is criteria when acceleration is 
impressed (2) Receiving voltage signal (1) A phase progresses and it is a voltage 
signal (2). Receiving voltage signal (3) A phase changes to condition that a 
phase is overdue, to hard flow, respectively. 

[0046] Voltage signal (1) Function Ya (t) and voltage signal (2) The following 
relation will be realized if function R (t) and a voltage signal (3) are made into 
Function Yb (t). 
[0047] 

Ya(t) =Axcos (omega t+theta (t)) - [Formula 1] 

Yb(t) =Axcos (omega t-theta (t)) -- [Formula 2] 

R (t) = {Ya(t)+Yb (t)}/2 =Axcosomegatxcostheta (t) [Formula 3] 

Here, A is the time function of the phase change from which oscillation angular 

frequency and t are produced by time amount, and the amplitude and omega 

produce theta (t) with acceleration. 

[0048] [A formula 1] and [a formula 2] to voltage signal (1) (3) It turns out that a 
phase modulation is carried out by acceleration. Moreover, [a formula 3] to 
voltage signal (2) Amplitude modulation is carried out by acceleration and it turns 
out that change of a phase is not produced. 

[0049] In drawing 7 , when acceleration is not impressed, (B) shows (A) about 
the case where acceleration is impressed, respectively, voltage signal (4) 
Voltage signal (1) in drawing 5 the first rank of the 1st phase contrast detector 
141 - it shapes in waveform with an inverter IC 4. the same - voltage signal (6) 
Voltage signal (3) the first rank of the 2nd phase contrast detector 142 - it 
shapes in waveform with an inverter IC 6. Voltage signal (5) Voltage signal (2) It 
is the wave which carried out phase adjustment. 
[0050] Since a phase comparison circuit needs to shift the phase of a 
comparison wave 90 degrees beforehand to the extent that the exclusive OR 
gate was used, the phase adjustment circuit 143 is adjusting the phase of a 
voltage signal (2), as shown in drawing 7 R> 7, so that the phase contrast in the 
condition that acceleration is not impressed may become 90 degrees. Voltage 



signal (7) The output of exclusive OR-gate IC5 of the 1st phase contrast detector 
141 , and (8) It is the output of exclusive OR-gate IC7 of the 2nd phase contrast 
detector 142. 

[0051] When acceleration is impressed, it is a voltage signal (5). It is a voltage 
signal (4) to a phase. A phase progresses and it is a voltage signal (6). To 
condition that a phase is overdue, it is a voltage signal (4). Voltage signal (6) A 
phase change becomes hard flow mutually. Voltage signal (7) (8) The output 
from the exclusive OR gate serves as an PWM (Pulse Density Modulation) wave 
from which the duty ratio of an output wave changes with acceleration so that a 
wave may show. 

[0052] This PWM wave is a smoothing circuit by R6 and C5 in the phase contrast 
detector 141,142 shown in drawing 5 , and is a smoothing circuit by R7 and C6, 
and smoothness is carried out, respectively. 

[0053] Drawing 8 is the above-mentioned voltage signal (9). Electrical-potential- 
difference change of - (1 1) is shown. An axis of abscissa is acceleration and an 
axis of ordinate is an electrical potential difference here. 
[0054] Voltage signal (9) A function **** 2 is realized in a function **** 1 and a 
voltage signal (10), and Function Vd, then the following formula are realized in a 
voltage signal (11). 
[0055] 

****1=Vccx (phi/pi-thetaxalpha/pi) -- [Formula 4] 
****2=Vccx (phi/pi+thetaxalpha/pi) - [Formula 5] 

Vd=Vccxbetax(****2-****1) +gamma=betaxVccx(2x thetaxalpha/pi) +gamma - 
[Formula 6] 

However, 0< phi<pi - [Formula 7] 
0 <=****1 <=Vcc - [Formula 8] 
0 <=****2 <=Vcc - [Formula 9] 

It comes out. It is here and, for the phase change coefficient per acceleration IG, 
and alpha, acceleration and Vcc are [ phi / the amount of phase shifts of a phase 
adjustment circuit, and theta / the circuit gain of a differential amplifying circuit 



and gamma of supply voltage and beta ] the reference voltages (= output voltage 
of IC11) of a differential amplifying circuit. 

[0056] This [formula 7] As already stated, the amount phi of phase shifts of a 
phase adjustment circuit is set to 90 [deg] (pi/2 [rad]) so that - [a formula 9] may 
be realized in stability. Moreover, it is referred to as beta= 100, and Vcc=5[V] 
gamma=Vcc / 2 in this example. 

[0057] In addition, with this 1st operation gestalt, although only the piezoelectric 
transducer and the capacitor were used for the bridge circuit, it does not limit to 
this. A capacitor, resistance, the inductor, the active element, etc. may be 
contained other than the piezoelectric transducer in the impedance circuits Z1 
and Z2 shown in drawing 1 . Moreover, resistance, the inductor, the active 
element, etc. may be similarly contained about the impedance circuits Z3 and Z4. 
When it is in the condition that acceleration is not impressed, it is zlxz4=z2xz3. 
[Formula 10] 

If each constant is set up so that it can regard, it will act like the case where it 
mentions above. 

[0058] Next, the configuration of the acceleration sensor concerning the 2nd 
operation gestalt is explained with reference to drawing 9 and drawing 10 . If it 
contrasts with drawing 1 , the acceleration sensor shown in this drawing 9 is 
changing the configuration of a bridge circuit 1 10 with the 1st operation gestalt so 
that clearly. Namely, a bridge circuit 110 is equipped with the impedance circuit 
Z1 containing a piezoelectric transducer si, the impedance circuit Z2 containing a 
piezoelectric transducer s2, the load-impedance circuit Z3 containing Capacitor 
CI, and the load-impedance circuit Z4 containing a capacitor C2. Z1 and Z2 - a 
node p4 - Z2 and Z4 are connected at a node p3, Z3 and Z4 are connected to a 
node p1 for Z1 and Z3 at a node p2, respectively, and the node p4 is made into 
the reference potential. The configuration of other parts is the same as that of the 
case of the 1st operation gestalt. 

[0059] Thus, even if it uses the bridge circuit which made the node of 
piezoelectric transducers the reference potential, it acts like the case of the 1st 



operation gestalt, and the same effectiveness is acquired. However, as shown in 
drawing 10 , the return signal processing circuit 130 is constituted so that the 
oscillator circuit by the bridge circuit 110, the partial pressure impedance circuit 
120, and the return signal processing circuit 130 may oscillate to stability. 
[0060] In drawing 10 , the configuration of IC1, R3, R4, and C3 part is the same 
as that of the return signal processing circuit 130 shown in drawing 5 . In drawing 
10 , R17 and C8 constitute the phase shift circuit, and only -340 [deg] (= +20 
[deg]) shifts a phase in this whole return signal processing circuit. In addition, in 
the example shown in this drawing 10 , the inverter IC 12 is formed in the output 
section of the return signal processing circuit 130 as a buffer. The exact amount 
of phase shifts can be obtained with this buffer, without being based on the 
circuitry of a bridge circuit 110. 

[0061] Next, the configuration of the acceleration sensor concerning the 3rd 
operation gestalt is explained with reference to drawing 1 1 . The acceleration 
sensor shown in drawing 1 1 has given the output signal of the return signal 
processing circuit 130 to the input of the phase adjustment circuit 143. Even if it 
is such a configuration, a voltage signal opposite phase-related [ according to 
change of acceleration ] can be made to output from the 1st and 2nd phase 
contrast detector 141,142. 

[0062] Next, the configuration of the acceleration sensor concerning the 4th 
operation gestalt is explained with reference to drawing 12 and drawing 13 . The 
acceleration sensor shown in drawing 12 has given the output signal of the 
phase shift circuit 131 in the return signal processing circuit 130 to the input of 
the phase adjustment circuit 143. Even if it is such a configuration, a voltage 
signal opposite phase-related [ according to change of acceleration ] can be 
made to output from the 1st and 2nd phase contrast detector 141,142. 
[0063] Drawing 13 shows the example of circuitry of the return signal processing 
circuit 130. This circuit is the same as the circuit of already explained drawing 10 , 
takes out a predetermined phase shift signal from the middle of a circuit, and 
gives it to a phase adjustment circuit. Therefore, as long as it defines suitably the 



amount of phase shifts in this return signal processing circuit 130, the phase 
adjustment circuit 143 may be omitted. For example, what is necessary is just to 
take out the signal [ middle / of a return signal processing circuit ] shifted before 
and after -90 [deg] or -270 [deg] (= +90 [deg]), when only the phase adjustment 
circuit -90 [deg] needs to shift [ 143 ] a phase. Namely, what is necessary is to 
omit the phase adjustment circuit 143 in this case, and just to give directly the 
signal taken out from the middle of the return signal processing circuit 130 as the 
1st-2nd reference signal. 

[0064] Next, the configuration of the acceleration sensor concerning the 5th 
operation gestalt is explained with reference to drawing 14 and drawing 15 . 
Drawing 14 is the circuit diagram of the phase contrast detector where what was 
shown in drawing 5 differs. This uses an R-S flip-flop. For example, when 
applying the circuit shown in drawing 14 to the 1st and 2nd phase contrast 
detector shown in drawing 11 , the phase of a reference signal sets the phase of 
a reference signal beforehand that only -180 [deg] or -540 [deg] (= +180 [deg]) 
has shifted to the signal for a phase contrast comparison in the condition that 
acceleration is not impressed. 

[0065] Drawing 15 shows the example at the time of preparing the circuit shown 
in drawing 14 as 1st phase contrast detector. Here, it is (1). An input signal and 
Q are Q outputs of an R-S flip-flop. As for (A) of drawing 15 , the acceleration of 
the condition that acceleration is not impressed, and (B) is in the condition 
currently impressed. Thus, the duty ratio of Q output changes according to the 
phase contrast of the input signal over a reference signal. As shown in drawing 
14 , the voltage signal according to acceleration is outputted by carrying out 
smoothness of the Q output to resistance by the capacitor, having corresponded 
to duty ratio. 

[0066] In drawing 11 , if the circuit shown in the 1st and 2nd phase contrast 
detector in drawing 1 1 at drawing 14 since this was close to the ideal phase 
contrast -180 of the above-mentioned reference signal [deg] when the amount of 
phase shifts in the return signal processing circuit 130 was -200 [deg] is prepared, 



the phase adjustment circuit 143 is omissible. 

[0067] In addition, since the oscillator circuit of an acceleration sensor shown 
with each operation gestalt is moreover making differential connection using the 
piezoelectric transducer, its its frequency characteristics and phase characteristic 
are stable. Therefore, the output of this oscillator circuit may be taken out outside 
and you may use as a clock signal to other logical circuits. Thereby, the clock 
signal generating circuit of dedication is omissible. 
[0068] 

[Effect of the Invention] According to this invention, the bridge circuit where the 
direction of the stress added with acceleration contains two reverse piezoelectric 
transducers and two capacitors of each other is constituted. Prepare a partial 
pressure impedance circuit between the balanced output, return the signal of the 
partial pressure point of this partial pressure impedance circuit to a node by the 
return signal processing circuit, constitute an oscillator circuit, and the oscillation 
output phase contrast between the balanced outputs of a bridge circuit is 
detected. Since it was made to output this as an acceleration detecting signal, 
the following effectiveness is done so. 

[0069] Even if it cannot be easily influenced of the parasitic capacitance of the 
circuit board since a capacitor with comparatively big electrostatic capacity 
serves as a load, therefore an oscillator circuit uses neither coating nor a 
hermetic seal package, it can secure high dependability. The property only in a 
component simple substance can also be guaranteed. Since sensibility becomes 
high in proportion to Q of resonance, there is no sensibility lowering by the RF. 
Therefore, even if it uses a small piezoelectric transducer, predetermined 
detection sensitivity is obtained, and it can miniaturize in the whole. 
[0070] Since a phase contrast digital disposal circuit detects a phase change, it 
can be constituted from a binary-logic circuit and it becomes easy to RF 
correspond it. Therefore, even if it miniaturizes a piezoelectric transducer, for 
example, makes resonance frequency high with several MHz - dozens of MHz, 
IC-ization of a circuit becomes easy by low cost. 



[0071] Moreover, according to this invention, a part for an inphase noise 
component or circuit fluctuation is cancellable by using as a differential mold all 
of the bridge circuit and phase contrast digital disposal circuit of an oscillator 
circuit which detect acceleration. Furthermore, since the relative variation of each 
component property inside IC is small when a circuit is IC-ized, bigger 
effectiveness is acquired. 

[0072] Moreover, by establishing a phase adjustment circuit in the part inputted 
into the 1st and 2nd phase contrast detector, and adjusting the phase of those 
reference signals, the acceleration sensor of this invention can optimize the 
response of the acceleration detection result of the phase contrast in a phase 
contrast digital disposal circuit, and can raise acceleration detection precision. 
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[Brief Description of the Drawings] 

[Drawing 1] The block diagram showing the configuration of the whole 
acceleration sensor concerning the 1st operation gestalt 
[Drawing 2] The appearance perspective view of a piezoelectric transducer 
[Drawing 3] The decomposition perspective view of a piezoelectric transducer 



[Drawing 4] The decomposition perspective view of the important section of a 
piezoelectric transducer 

[Drawing 5] The circuit diagram of the whole acceleration sensor concerning the 
1st operation gestalt 

[Drawing 6] The wave form chart of each part of this acceleration sensor 
[Drawing 7] The wave form chart of each part of this acceleration sensor 
[Drawing 8] Drawing showing the relation between the output voltage of a phase 
contrast detector and a differential amplifying circuit, and acceleration 
[Drawing 9] The block diagram showing the configuration of the whole 
acceleration sensor concerning the 2nd operation gestalt 
[Drawing 10] The circuit diagram of the return signal processing circuit in this 
acceleration sensor 

[Drawing 1 1] The block diagram showing the configuration of the whole 

acceleration sensor concerning the 3rd operation gestalt 

[Drawing 12] The block diagram showing the configuration of the whole 

acceleration sensor concerning the 4th operation gestalt 

[Drawing 13] The circuit diagram of the return signal processing circuit in this 

acceleration sensor 

[Drawing 14] The circuit diagram showing the configuration of the phase contrast 

detector of the acceleration sensor concerning the 5th operation gestalt 

[Drawing 15] The wave form chart of an equiphase difference detector 

[Description of Notations] 

s, s1, an s2-piezoelectric transducer 

2, 3-acceleration sensing element 

5- case member 

6- covering member 
20, 30-resonator 
23, 33-base plate 
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